SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT 1, SATORU NAKAMURA, a 
citizen of Japan residing at: Kanagawa, Japan have 
invented certain new and useful improvements in 

PRINTER CONTROLLER, IMAGE FORMING APPARATUS AND 
STORAGE MEDIUM 



of which the following is a specification:- 
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BACKGROUND OF THE INVENTION 

This application claims the benefit of a 
Japanese Patent Application No . 2000-240892 filed August 
9, 2000, in the Japanese Patent Office, the disclosure 
5 of which is hereby incorporated by reference. 

This application further includes contents of 
a Japanese Patent Application No. 11-314395 filed 
November 4, 1999, in the Japanese Patent Office, and 
laid open under Japanese Laid-Open Patent Application 

10 No. 13-130056 on May 15, 2001, the disclosure of which is 
hereby incorporated by reference. 
1 . Field of the Invention 

The present invention generally relates to 
printer controllers, image forming apparatuses and 

15 storage media, and more particularly to a printer 
controller which has a tone adjusting function for 
adjusting a tone of an output image which is to be 
printed, to an image forming apparatus which prints on a 
recording medium tone adjusting patterns which are used 

2 0 for adjusting the tone of the output image which is to 
be printed by carrying out a so-called y -correction , 
and to a computer-readable storage medium which stores a 
program for causing a computer to print such tone 
adjusting patterns and/or to carry out such a tone 

25 adjusting function. 
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2. Description of the Related Art 

A description will be given of an example of a 
conventional image forming apparatus, by referring to 
FIG. 1. FIG. 1 is a system block diagram showing a 
5 general structure of a conventional printer. 

The printer shown in FIG. 1 includes a printer 
controller 2 and a printer engine 8, and the printer is 
coupled to a host computer 1 via the printer controller 
2. The printer controller 2 includes a host interface 
10 (I/F) 3, a CPU 4, a RAM 5, a program ROM 6, and an 

engine interface (I/F) 7 which are coupled via a system 
bus 9 . 

A user creates a data which is to be printed, 
by use of the host computer 1. In addition, the user 

15 specifies a printer which is to print the created data, 
and issues a print instruction with respect to the 
specified printer. In the printer which receives the 
print instruction, the host interface 3 within the 
printer controller 2 starts to receive the data which is 

2 0 to be printed. Then, based on the received data, the 

CPU 4 within the printer controller 2 generates an image 
data which is to be printed, based on a program stored 
in the program ROM 6 . The generated image data is drawn 
and developed in a frame memory which is formed by the 

25 RAM 5, depending on a tone specified by the print 



instruction. Thereafter, the image data developed in 
the frame memory is supplied to the printer engine 8 via 
the engine interface 7, and the printer engine 8 prints 
the image data on a recording medium such as paper. 

The tone of the image data which is actually 
printed on the recording sheet by the printer engine 8 
of the printer may be different from the tone originally 
intended by the printer controller 2 due to surrounding 
environment and/or change caused by aging. In other 
words, the tone of the image which is created by the 
host computer 1 may be different from the tone of the 
image actually generated by the printer controller 2. 

The printer may be provided with a reading 
unit such as a scanner (not shown) , in addition to the 
printer controller 2 having the tone adjusting function. 
In this case, the printer engine 2 prints an image on 
the recording medium based on the image data which is 
generated to obtain the intended tone. Then, the 
printed image on the recording medium is read by the 
scanner, and the printer controller 2 compares the read 
tone and the intended tone. If an error exists between 
the two compared tones, the 7 -correction is carried out 
to correct the tone and to eliminate the error. In 
other words, the 7 -correction is carried out in order 
to print the image on the recording medium with the tone 



intended by the printer controller 2, that is, with the 
tone intended by the host computer 1. 

The y -correction itself is known. An input- 
output characteristic of the printer engine 2 is not 
linear, and the input-output characteristic of the 
printer engine 2 may change due to aging of the printer 
engine 2 and/or the environment in which the printer is 
used. In addition, each individual printer engine 2 has 
a different input-output characteristic, even among the 
same model or type of printer engines 2. Hence, the y- 
correction is carried out to compensate for the non- 
linear and changing input-output characteristic of the 
printer engine 2 . 

But not all printers are provided with the 
scanner, and the 7 -correction is carried out as follows 
when no scanner is provided. First, a sample sheet 
which is printed with test patterns of various tones is 
prepared. Second, the printer engine 2 prints an image 
on the recording medium with the intended tone. Third, 
the user compares the intended tone printed on the 
sample sheet with the intended tone actually printed on 
the recording medium, and inputs an error between the 
two compared tones to the printer engine 2 . The printer 
engine 2 carries out the y -correction based on the 
input error. 
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But in this case, the sample sheet and the 
recording medium must have identical colors and textures 
(or quality) in order to obtain an accurate comparison 
result of the tones, thereby putting a burden on the 
5 user to keep the sample sheet and the recording media 
having the color and texture identical to those of the 
sample sheet. The 7 -correction cannot be carried out 
if the sample sheet is lost. In addition, in order to 
obtain an accurate comparison result, the recording 
10 medium must be printed with the tones under the same 
environment as that for the sample sheet. Moreover, 
when the sample sheet deteriorates due to aging, it is 
impossible to obtain an accurate comparison result of 
the tones. Furthermore, there is also a burden on the 
15 user in that the user must print the intended tones on 
the recording medium after carry out the y -correction , 
so as to check whether or not the input-output 
characteristic of the printer engine 2 is appropriately 
corrected, and in that such an operation must be 
20 repeated until the tones on the sample sheet and the 
recording medium match. 

It is possible to reduce the number of tones 
which are printed on the recording medium for comparison 
with the sample sheet, so as to reduce the number of 
25 times the above described operation must be repeated and 



accordingly reduce the burden on the user. However, the 
smaller the number of tones printed on the recording 
medium for comparison with the sample sheet, the poorer 
the quality of the 7 -correction which is carried out. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a novel and useful printer 
controller, image forming apparatus and computer- 
readable storage medium, in which the problems described 
above are eliminated. 

Another and more specific object of the 
present invention is to provide a printer controller, an 
image forming apparatus and a computer-readable storage 
medium which enable an accurate y -correction to be 
carried out, without the need for a sample sheet, and 
regardless of the color, texture (quality) and the like 
of a recording medium on which tone adjusting patterns 
are printed for use in adjusting the tone of an image 
which is to be printed. 

Still another object of the present invention 
is to provide a printer controller which generates 
pattern data to be printed by a printer engine for use 
in carrying out a tone adjusting process, comprising a 
memory which stores reference tone patterns and tone 



adjusting patterns; selecting means for selecting a dot 
size of one of the reference tone patterns to be printed, 
the dot size being determined by a number of pixels 
forming each dot; and generating means for generating 
and outputting to the printer engine the one of the 
reference tone patterns by the dot size selected by the 
selecting means and tone adjusting patterns having tones 
falling within a predetermined range with respect to a 
reference tone of the one of the reference tone patterns, 
based on the reference tone patterns and the tone 
adjusting patterns stored in the memory. According to 
the printer controller of the present invention, it is 
possible to enable an accurate y -correction to be 
carried out, without the need for a sample sheet, and 
regardless of the color, texture (quality) and the like 
of the recording medium on which the reference tone 
pattern and the tone adjusting patterns are printed for 
use in adjusting the tone of an image which is to be 
printed . 

A further object of the present invention is 
to provide an image forming apparatus comprising a 
printer controller which generates pattern data; and a 
printer engine which prints the pattern data generated 
by the printer controller for use in carrying out a tone 
adjusting process, where the printer controller 



comprises a memory which stores reference tone patterns 
and tone adjusting patterns; selecting means for 
selecting a dot size of one of the reference tone 
patterns to be printed, the dot size being determined by 
a number of pixels forming each dot; and generating 
means for generating and outputting to the printer 
engine the one of the reference tone patterns by the dot 
size selected by the selecting means and tone adjusting 
patterns having tones falling within a predetermined 
range with respect to a reference tone of the one of the 
reference tone patterns, based on the reference tone 
patterns and the tone adjusting patterns stored in the 
memory. According to the image forming apparatus of the 
present invention, it is possible to enable an accurate 
•y -correction to be carried out, without the need for a 
sample sheet, and regardless of the color, texture 
(quality) and the like of the recording medium on which 
the reference tone pattern and the tone adjusting 
patterns are printed for use in adjusting the tone of an 
image which is to be printed. 

Another object of the present invention is to 
provide a computer-readable storage medium which stores 
a program for causing a computer which generates pattern 
data to be printed by a printer engine for use in 
carrying out a tone adjusting process, where the program 
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comprises storing means for causing the computer to 
store reference tone patterns and tone adjusting 
patterns; selecting means for causing the computer to 
select a dot size of one of the reference tone patterns 
5 to be printed, the dot size being determined by a number 
of pixels forming each dot; and generating means for 
causing the computer OT generate and output to the 
printer engine the one of the reference tone patterns by 
the dot size selected by the selecting means and tone 

10 adjusting patterns having tones falling within a 

predetermined range with respect to a reference tone of 
the one of the reference tone patterns, based on the 
reference tone patterns and the tone adjusting patterns 
stored by the storing means . According to the computer- 

15 readable storage medium of the present invention, it is 
possible to enable an accurate y -correction to be 
carried out, without the need for a sample sheet, and 
regardless of the color, texture (quality) and the like 
of the recording medium on which the reference tone 

2 0 pattern and the tone adjusting patterns are printed for 
use in adjusting the tone of an image which is to be 
printed. 

Other objects and further features of the 
present invention will be apparent from the following 
2 5 detailed description when read in conjunction with the 



accompanying drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a system block diagram showing a 
general structure of a conventional printer; 

FIG. 2 is a system block diagram showing a 
first embodiment of an image forming apparatus according 
to the present invention; 

FIG. 3 is a diagram showing an important part 
of the first embodiment of the image forming apparatus; 

FIG. 4 is a diagram for explaining a basic 
procedure for carrying out a tone adjusting process; 

FIG. 5 is a diagram showing tone adjusting 
patterns and a reference tone pattern printed on a 
recording medium; 

FIG. 6 is a diagram showing a reference tone 
pattern printed on the recording medium using dots 
formed by 1 x 1 pixel ; 

FIG. 7 is a diagram showing a reference tone 
pattern printed on the recording medium using dots 
formed by 2 x 2 pixels; 

FIG. 8 is a flow chart for explaining the 
operation of the first embodiment of the image forming 
apparatus ; 

FIG. 9 is a diagram showing a relationship of 
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the tone and a counted value of a maintenance counter; 

FIG. 10 is a diagram showing contents of a 
pattern table used in a second embodiment of the image 
forming apparatus according to the present invention; 

FIG. 11 is a flow chart for explaining the 
operation of the second embodiment of the image forming 
apparatus ; 

FIG. 12 is a diagram showing a relationship of 
the tone and a remaining amount of toner; 

FIG. 13 is a diagram showing contents of a 
pattern table used in a third embodiment of the image 
forming apparatus according to the present invention; 

FIG. 14 is a flow chart for explaining the 
operation of the third embodiment of the image forming 
apparatus ; 

FIG. 15 is a diagram showing contents of a 
pointer table used in a fourth embodiment of the image 
forming apparatus according to the present invention; 

FIG. 16 is a flow chart for explaining the 
operation of the fourth embodiment of the image forming 
apparatus ; 

FIG. 17 is a diagram showing contents of a 
pattern table used in a fifth embodiment of the image 
forming apparatus according to the present invention; 

FIG. 18 is a flow chart for explaining the 



operation of the fifth embodiment of the image forming 
apparatus ; and 

FIG. 19 is a flow chart for explaining the 
operation of a sixth embodiment of the image forming 
apparatus according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 2 is a system block diagram showing a 
first embodiment of an image forming apparatus according 
to the present invention, and FIG. 3 is a diagram 
showing an important part of this first embodiment of 
the image forming apparatus . In this first embodiment 
of the image forming apparatus, the present invention is 
applied to a printer. Further, this first embodiment of 
the image forming apparatus employs a first embodiment 
of a printer controller according to the present 
invention and a first embodiment of a computer-readable 
storage medium according to the present invention. In 
FIGS. 2 and 3, those parts which are the same as those 
corresponding parts in FIG. 1 are designated by the same 
reference numerals, and a description thereof will be 
omitted. 

As shown in FIG. 2, the printer controller 2 
additionally includes a font ROM 11 and an operation 
panel 12 which are coupled to the system bus 9 . The 



-14- 



font ROM 11 prestores various fonts which may be used 
for the printing by the printer engine 8 . The operation 
panel 12 has a known structure including a display 
section for displaying messages and a key section for 
5 inputting instructions. The display section and the key 
section may be made of independent parts or integrally 
formed by a single part such as a touch-panel having the 
functions of both the display section and the key 
section. In addition, as shown in FIG. 3, the printer 

10 engine includes an engine interface (I/F) 14, an engine 
controller 15, and a toner sensor 18. The engine 
controller 15 includes a maintenance counter 16 and an 
engine ID register 17. The engine controller 15 
controls the general operation of the printer engine 8. 

15 The maintenance counter 16 counts the number of prints 
made or the like by a known method, and the printer 
controller 2 recognizes a timing at which the 
maintenance of the printer is required when a counted 
value of the maintenance counter 15 reaches a 

20 predetermined value. The counted value of the 

maintenance counter 16 accordingly indicates the total 
operating time of the printer engine 8 . The engine ID 
register 17 stores an engine ID which indicates the 
model or type of the printer engine 8 , so that the 

25 printer controller 2 can recognize the model or type of 
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the printer engine 8 that is used by reading the engine 
ID register 17. The toner sensor 18 senses a remaining 
amount of toner in the printer by a known method, so 
that the printer controller 2 can recognize a low toner 
5 state where the toner needs to be supplied based on an 
output of the toner sensor 18. 

FIG. 4 is a diagram for explaining a basic 
procedure for carrying out a tone adjusting process. 
First, a step Q prints tone adjusting patterns and a 

10 reference tone pattern on a recording medium such as 
paper under a predetermined printing condition. The 
tone adjusting patterns and the reference tone pattern 
printed on the recording medium will be described later 
in more detail with reference to FIG. 5. The tone 

15 adjusting patterns are printed at tones which are 

different but fall within a predetermined tone range 
which includes the reference tone. The user compares 
the printed tone adjusting patterns and the reference 
tone pattern on the recording medium in a step (D, so as 

20 to specify one of the tone adjusting patterns having the 
same tone as the reference tone pattern. Hence, a tone 
value which has the tone matching the reference tone of 
the reference tone pattern is obtained as a relative 
value of the reference tone printed under the actual 

25 printing condition. The user inputs the obtained tone 
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value as a tone adjusting value to the printer in a step 
d), by inputting a number or code which is assigned to 
the specified tone adjusting pattern. A step (D carries 
out a known y -correction based on the input tone value 
5 which is printed under the actual printing condition and 
an anticipated tone value which is originally intended 
by the printer controller 2. 

FIG. 5 is a diagram showing the tone adjusting 
patterns and the reference tone pattern printed on the 

10 recording medium. As shown in FIG. 5, a reference tone 
pattern B is formed by a central portion and sector 
portions arranged intermittently in a 360 degree range. 
On the other hand, tone adjusting patterns A(l) through 
A (8) are formed by sector portions respectively arranged 

15 intermittently to be located between two mutually 

adjacent sector portions of the reference tone pattern B. 
In other words, each of the tone adjusting patterns A(l) 
through A (8) has three sides which are respectively 
adjacent to the reference tone pattern B. The tone 

20 adjusting patterns A(l) through A (8) have mutually 

different tones which fall within a predetermined tone 
range which includes the reference tone of the reference 
tone pattern B. The numbers (1) through (8) assigned to 
the tone adjusting patterns A(l) through A (8) indicate a 

25 tone value which is higher for a larger number, and the 



tone value successively increases at a constant rate 
with increasing tone value. Of course, the number of 
tone values is not limited to eight as shown in FIG. 5. 
Further, the shape of the central portion of the 
reference tone pattern B and the entire shape formed by 
the reference tone pattern B and the tone adjusting 
patterns A(l) through A (8) are not limited to the 
circular shapes shown in FIG. 5, and the shapes may be 
oval, for example. 

Because each of the tone adjusting patterns 
A{1) through A (8) is located between two mutually 
adjacent reference tone pattern B and is also adjacent 
to the central portion of the reference tone pattern B, 
the user can easily find one of the tone adjusting 
patterns A(l) through A (8) having the tone which matches 
the tone of the reference tone pattern B. In this 
particular case shown in FIG. 5, the user can easily see 
that the tone adjusting pattern A (6) has the tone which 
matches the tone of the reference tone pattern B. Hence, 
the user inputs to the printer the number (6) which is 
assigned to the tone adjusting pattern A(6) , so as to 
reflect the tone value of the tone adjusting pattern 
A(6) to the y -correction . 

The reference tone pattern B which is printed 
on the recording medium needs to be set to a pattern 



which is unaffected by various factors such as the 
conditions of the printer at the time of the printing, 
the changes caused by aging of the printer, the 
differences in the performance of each individual 
printer inevitably introduced during the production 
process and/or by the components used, the set output 
condition of the printer engine 8, and the like. For 
example, when creating a maximum tone of 50% of the 
printer engine 8, it is possible to employ a checker- 
board pattern shown in FIG. 6 or FIG. 7. FIG. 6 is a 
diagram showing the reference tone pattern B printed on 
the recording medium using dots formed by 1 x 1 pixel, 
that is, a single pixel. On the other hand, FIG. 7 is a 
diagram showing the reference tone pattern B printed on 
the recording medium using dots formed by 2 x 2 pixels. 

In the reference tone pattern B shown in FIG. 
6, each dot forming the reference tone pattern B is 
formed by one pixel which is the minimum unit that can 
be created by the printer engine 8. But in this case, 
the reference tone pattern B is affected by the output 
characteristic of the printer engine 8, and it is 
difficult to create a stable tone of 50%. For this 
reason, when each dot is formed by several pixels such 
as 2 X 2 pixels as in the case shown in FIG. 7, it is 
possible to create a stable tone of 50% which is 



unaffected by the output characteristic of the printer 
engine 8 . 

But when the number of pixels forming each dot 
is set as described above so as to be unaffected by the 
output characteristic of the printer engine 8, the 
number of pixels forming each dot is fixed. As a result, 
it is still insufficient to avoid the reference tone 
pattern B from being affected by the various other 
factors such as the conditions of the printer at the 
time of the printing, the changes caused by aging of the 
printer, and the differences in the performance of each 
individual printer inevitably introduced during the 
production process and/or by the components used. 

For example, the operating conditions of the 
printer controller 2 which are set include a drawing 
mode which specifies the resolution or specifies the 
printing of characters or photographs. The tone which 
is output from the printer engine 8 may differ depending 
on the set drawing mode. In other words, when a 
reference pattern having a predetermined tone is printed 
at a resolution of 600 dpi and the reference pattern 
having the predetermined tone is printed at a resolution 
of 12 00 dpi, one of the printed output result may be 
darker or lighter than the other. In addition, the 
printer controller 2 may be designed to operate with a 
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plurality of kinds of printer engines 8, and in such a 
case, the printed output result of course differs 
depending on the kind of printer engine 8 that is used. 
Furthermore, even when the same printer engine 8 is used, 
5 the printed output result may differ depending on the 
remaining amount of toner, the total operating time of 
the various parts and components related to the image 
formation by the electrophotography process of the 
printer. Moreover, in the case of a color printer, the 

10 basic colors used to print a color image, such as cyan, 
magenta, yellow and black, have mutually different tone 
characteristics, and the reference tone cannot be 
maintained constant to the intended tone value for each 
of the basic colors using the same reference tone 

15 pattern B. 

Accordingly, various reference tone patterns B 
having the checker-board pattern in which each dot is 
formed by N x M pixels, is created in advance during the 
designing stage, and stored in the program ROM 6 within 

2 0 the printer controller 2, where N and M are positive 
integers. As will be described later, a most 
appropriate one of the stored reference tone patterns B 
in the program ROM 6 is selected by a reference tone 
pattern selecting means, and printed on the recording 

2 5 medium together with the tone adjusting patterns A(l) 
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through A (8) as shown in FIG. 5. 

Next, a description will be given of the 
reference tone pattern selecting means for Selecting the 
reference tone pattern B depending on the various 
5 factors such as the conditions of the printer at the 

time of the printing, the changes caused by aging of the 
printer, the differences in the performance of each 
individual printer inevitably introduced during the 
production process and/or by the components used, the 

C 10 set output condition of the printer engine 8, and the 

like, which affect the reference tone indicated by the 

W reference tone pattern B, so as to change the size of 

fp each dot forming the reference tone pattern B. More 

particularly, the values of N and M of the N x M pixels 

Ei forming each dot of the reference tone pattern B are 

f-'s 

p selected. 

^ FIG. 8 is a flow chart for explaining the 

operation of this first embodiment of the image forming 
apparatus. The process shown in FIG. 8 is carried out 
20 by the CPU 4 within the printer controller 2 shown in 
FIG. 2. The first embodiment of the computer-readable 
storage medium stores a program for causing a computer, 
such as the CPU 4, to carry out the process shown in FIG. 
8. The first embodiment of the computer-readable 
2 5 storage medium is formed by the program ROM 6 shown in 



FIG. 2 or, any type of recording media capable of 
storing the program, such as semiconductor memories, 
disks including magnetic, optical and magneto-optical 
disks and memory cards . 

In FIG. 8, a step SI refers to y -data which 
are used for the y -correction and are stored in the 
program ROM 6, for example. A step S2 sets the 
operation mode of the printer to a normal print mode. A 
step S3 changes the operation mode of the printer to a 
tone adjusting mode if the tone adjusting mode is 
instructed by the user from the operation panel 12. The 
steps SI through S3 form a process section PSl. 

A step S4 selects a number or code assigned to 
the selected size of the dots which are to form the 
reference tone pattern B, in response to the input made 
by the user from the operation panel 12 . The user can 
select the number of code assigned to the selected size 
of the dots which are to form the reference tone pattern 
B, depending on the condition under which the printer is 
to carry out the printing. A step S5 refers to a 
pattern table stored in the program ROM 6~. The pattern 
table stores the reference tone patterns B in 
correspondence with the numbers or codes assigned to the 
selected dot sizes. Hence, the corresponding reference 
tone pattern B can be read from the pattern table based 
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on the input number or code assigned to the selected dot 
size. A step S6 determines the reference tone pattern B 
based on the pattern table. 

A step S7 prints on the recording medium the 
5 selected reference tone pattern B together with the tone 
adjusting patterns A(l) through A (8) which are also 
stored in the program ROM 6, so as to obtain a printed 
output result similar to that shown in FIG. 5. The tone 
adjusting patterns A(l) through A (8) have mutually 

10 different tones which fall within the predetermined tone 
range which includes the reference tone of the selected 
reference tone pattern B. The user inputs from the 
operation panel 12 the number (6) , for example, which is 
assigned to the tone adjusting pattern A (6) , so as to 

15 reflect the tone value of the tone adjusting pattern 

A (6) to the -y -correction. Hence, a step S8 inputs the 
y-data corresponding to the selected tone adjusting 
pattern A(6) . The steps S7 and SB form a process 
section PS2 . 

20 A step S9 carries out the y -correction based 

on the input y-data, and a step SIO reflects the result 
of the y -correction to the tone which is to be printed. 
The steps S9 and SIO form a process section PS3. 

A step Sll restores the operation mode of the 

25 printer to the normal printing mode, and the process 



returns to the step SI. 

Therefore, according to this first embodiment, 
it is possible to generate the reference tone pattern B 
which is made up of dots respectively made up of a 
number of pixels selected depending on the conditions 
under which the printer is to carry out the printing. 
For this reason, the reference tone which is printed on 
the recording medium can be maintained constant 
regardless of the various factors such as the conditions 
of the printer at the time of the printing, the changes 
caused by aging of the printer, the differences in the 
performance of each individual printer inevitably 
introduced during the production process and/or by the 
components used, the set output condition of the printer 
engine 8, and the like. Hence, it is possible to carry 
out an appropriate tone adjusting process by use of the 
recording medium which is printed with the selected 
reference tone pattern B and the tone adjusting patterns 
A(l) through A(8), so that the tone intended by the user 
is actually printed by the printer. 

Next, a description will be given of the 
selection of the reference tone pattern B depending on 
the deterioration of the printer engine 8, which is one 
of the factors affecting the reference tone. 

As the deterioration of the printer engine 8 



progresses with aging, the reproducibility of small dots 
becomes poor, and it becomes impossible to correctly 
represent the reference tone unless the reference tone 
pattern B is formed by relatively large dots. Hence, in 
this embodiment, the size of each dot forming the 
reference tone pattern B is determined depending on the 
degree of deterioration of the printer engine 8, so that 
the reference tone is maintained to the correct tone 
value. But if the size of each dot forming the 
reference tone pattern B is made too large, the 
reference tone pattern B cannot be recognized as one 
tone by the human eyes and may appear as a design or, 
the user must monitor the reference tone pattern B from 
a certain distance so that the reference tone pattern B 
may be recognized as one tone and not a design. 
Accordingly, the size of each dot forming the reference 
tone pattern B must be determined so that one tone is 
recognizable therefrom by the human eyes. 

One amount which may be referred to in order 
to judge the degree of deterioration of the printer 
engine 8, is the counted value of the maintenance 
counter 16 which may be referred to by the CPU 4 of the 
printer controller 2 at an arbitrary timing. For 
example, the maintenance counter 16 counts the number of 
prints made by the printer engine 8, so as to determine 



the timings for attending to the maintenance or 
replacing the parts of the printer engine 8 such as a 
photoconductive drum and a transfer drum. The degree of 
deterioration of the printer engine 8 can be predicted 
from the counted value of the maintenance counter 16, 
and a second embodiment of the image forming apparatus 
according to the present invention employs such a 
prediction. In this second embodiment of the image 
forming apparatus, the present invention is applied to a 
printer having the structure shown in FIGS. 2 and 3. 
Further, this second embodiment of the image forming 
apparatus employs a second embodiment of the printer 
controller according to the present invention and a 
second embodiment of the computer-readable storage 
medium according to the present invention. 

FIG. 9 is a diagram showing a relationship of 
the tone and the counted value of the maintenance 
counter 16 in this second embodiment of the image 
forming apparatus. In FIG. 9, the ordinate indicates 
the tone (%) , and the abscissa indicates the counted 
value of the maintenance counter 16. Further, Rl 
denotes a region in which the tone is obtained by use of 
the reference tone pattern B which is formed by dots 
respectively made up of 4 x 4 pixels, R2 denotes a 
region in which the tone is obtained by use of the 



reference tone pattern B which is formed by dots 
respectively made up of 8 x 8 pixels, and R3 denotes a 
region in which the tone is obtained by use of the 
reference tone pattern B which is formed by dots 
respectively made up of 10 x 10 pixels. The 
relationship shown in FIG. 9 is obtained experimentally. 

FIG. 10 is a diagram showing contents of a 
pattern table used in this second embodiment of the 
image forming apparatus. This pattern table is stored 
in the program ROM 6 . As the counted value of the 
maintenance counter 16 becomes larger, it is judged that 
the degree of deterioration of the printer engine 8 has 
increased, and that the dots forming the reference tone 
pattern B has become smaller to affect the actual tone 
of the image printed on the recording medium. Hence, 
the size of the dots forming the reference tone pattern 
B is increased as shown in FIG. 10 as the counted value 
of the maintenance counter 16 increases from "100" to 
"2000", for example. 

FIG. 11 is a flow chart for explaining the 
operation of this second embodiment of the image forming 
apparatus. In FIG. 11, those steps which are the same 
as those corresponding steps in FIG. 8 are designated by 
the same reference numerals, and a description thereof 
will be. omitted. The process shown in FIG. 11 is 



carried out by the CPU 4 within the printer controller 2 
shown in FIG. 2. The second embodiment of the computer- 
readable storage medium stores a program for causing a 
computer, such as the CPU 4, to carry out the process 
shown in FIG. 11. The second embodiment of the 
computer-readable storage medium is formed by the 
program ROM 6 or any type of recording media described 
above . 

In FIG. 11, a step S4-2 reads the counted 
value of the maintenance counter 16. A step S5-2 refers 
to the pattern table shown in FIG. 10 which is. stored in 
the program ROM 6. The pattern table stores the size of 
the dots which are to form the reference tone patterns B 
in correspondence with the counted value of the 
maintenance counter 16. Hence, the corresponding dot 
size of the reference tone pattern B can be read from 
the pattern table based on the counted value of the 
maintenance counter 16. A step S5-2 determines the 
reference tone pattern B based on the dot size read from 
the pattern table . 

Therefore, the dot size of the reference tone 
pattern B is automatically selected in this second 
embodiment depending on the counted value of the 
maintenance counter 16. Further, it is possible to 
carry out an accurate tone adjusting process even when 
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the output characteristic of the printer engine 8 varies 
due to aging of the printer, so that the tone intended 
by the user is actually printed by the printer. 

Another amount which may be referred to in 
5 order to judge the degree of deterioration of the 
printer engine 8 , is the remaining amount of toner 
within the printer. The remaining amount of toner 
detected by the toner sensor 18 may be referred to by 
the CPU 4 of the printer controller 2 at an arbitrary 

10 timing. For example, the toner sensor 18 outputs a 

value corresponding to a level of the remaining toner 
within a toner chamber, that is, the remaining amount of 
toner. The degree of deterioration of the printer 
engine 8 can be predicted from the output value of the 

15 toner sensor 18, and a third embodiment of the image 
forming apparatus according to the present invention 
employs such a prediction. In this third embodiment of 
the image forming apparatus, the present invention is 
applied to a printer having the structure shown in FIGS. 

20 2 and 3. Further, this third embodiment of the image 
forming apparatus employs a third embodiment of the 
printer controller according to the present invention 
and a third embodiment of the computer-readable storage 
medium according to the present invention. 

25 FIG. 12 is a diagram showing a relationship of 
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the tone and the output value of the toner sensor 18 in 
this third embodiment of the image forming apparatus . 
In FIG. 12, the ordinate indicates the tone (%) , and the 
abscissa indicates the output value (%) of the toner 
sensor 18. Further, Rll denotes a region in which the 
tone is obtained by use of the reference tone pattern B 
which is formed by dots respectively made up of 4 x 4 
pixels, R12 denotes a region in which the tone is 
obtained by use of the reference tone pattern B which is 
formed by dots respectively made up of 3 x 3 pixels, and 
R3 denotes a region in which the tone is obtained by use 
of the reference tone pattern B which is formed by dots 
respectively made up of 10 x 10 pixels. The 
relationship shown in FIG. 12 is obtained experimentally 
so that various parameters peculiar to each individual 
printer are reflected to a pattern table shown in FIG. 
13 which will be described later, since the tone may 
increase temporarily as shown in FIG. 12 after the toner 
is supplied or replaced. 

FIG. 13 is a diagram showing contents of the 
pattern table used in this third embodiment of the image 
forming apparatus . This pattern table is stored in the 
program ROM 6. As the output value of the toner sensor 
18 becomes smaller, it is judged that the degree of 
deterioration of the printer engine 8 has increased, and 



that the dots forming the reference tone pattern B has 
become smaller to affect the actual tone of the image 
printed on the recording medium. Hence, the size of the 
dots forming the reference tone pattern B is increased 
as shown in FIG. 13 as the output value of the toner 
sensor 18 decreases from 90% to 10%, for example. 
However, when the remaining amount of toner is 100%, the 
dot size of the reference tone pattern B is temporarily 
set large to 4 x 4 pixels, because the tone temporarily 
increases in this particular case as shown in FIG. 12. 

FIG. 14 is a flow chart for explaining the 
operation of this third embodiment of the image forming 
apparatus. In FIG. 14, those steps which are the same 
as those corresponding steps in FIG. 8 are designated by 
the same reference numerals, and a description thereof 
will be omitted. The process shown in FIG. 14 is 
carried out by the CPU 4 within the printer controller 2 
shown in FIG. 2. The third embodiment of the computer- 
readable storage medium stores a program for causing a 
computer, such as the CPU 4, to carry out the process 
shown in FIG. 14. The third embodiment of the computer- 
readable storage medium is formed by the program ROM 6 
or any type of recording media described above. 

In FIG. 14, a step S4-3 reads the output value 
of the toner sensor 18. A step S5-3 refers to the 
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pattern table shown in FIG. 13 which is stored in the 
program ROM 6. The pattern table stores the size of the 
dots which are to form the reference tone patterns B in 
correspondence with the output value of the toner sensor 
5 18. Hence, the corresponding dot size of the reference 
tone pattern B can be read from the pattern table based 
on the output value of the toner sensor 18. A step S6-3 
determines the reference tone pattern B based on the dot 
size read from the pattern table. 

10 Therefore, the dot size of the reference tone 

pattern B is automatically selected in this third 
embodiment depending on the output value of the toner 
sensor 18. Further, it is possible to carry out an 
accurate tone adjusting process even when the output 

15 characteristic of the printer engine 8 varies due to 

consumption of the toner within the printer, so that the 
tone intended by the user is actually printed by the 
printer . 

Still another amount which may be referred to 
20 in order to judge the degree of deterioration of the 

printer engine 8, is the type of printer engine 8 used 
by the printer. The type of printer engine 8 can be 
recognized by the CPU 4 by reading the contents of the 
engine ID register 17. The type of printer engine 8 
25 indicated by the engine ID which is stored in the engine 
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ID register 17 may be referred to by the CPU 4 of the 
printer controller 2 at an arbitrary timing. The degree 
of deterioration of the printer engine 8, which varies 
depending on the type of the printer engine 8, can be 
5 predicted from the engine ID stored in the engine ID 
register 17, and a fourth embodiment of the image 
forming apparatus according to the present invention 
employs such a prediction. In this fourth embodiment of 
the image forming apparatus , the present invention is 

10 applied to a printer having the structure shown in FIGS. 
2 and 3. Further, this fourth embodiment of the image 
forming apparatus employs a fourth embodiment of the 
printer controller according to the present invention 
and a fourth embodiment of the computer-readable storage 

15 medium according to the present invention. 

FIG. 15 is a diagram showing contents of the 
pointer table used in this fourth embodiment of the 
image forming apparatus. This pointer table is stored 
in the program ROM 6 . The contents of the pattern table 

20 shown in FIG. 10 or FIG. 13 differs depending on the 
type of the printer engine 8 that is used. Hence, in 
this fourth embodiment, a number of pattern tables, such 
as that shown in FIG. 10 or FIG. 13, corresponding to 
the number of types of printer engines 8 usable by the 

25 printer controller 2 are prestored in the program ROM 6 



for various selectable dot sizes, and the appropriate 
pattern table is used depending on the recognized type 
of the printer engine 8 and the selected dot size. 
Accordingly, a pointer to the corresponding pattern 
table is stored in the pointer table shown in FIG-. 15 
with respect to each type, that is, each engine ID of 
the printer engine 8. 

FIG. 16 is a flow chart for explaining the 
operation of this fourth embodiment of the image forming 
apparatus. In FIG. 16, those steps which are the same 
as those corresponding steps in FIG. 8 are designated by 
the same reference numerals, and a description thereof 
will be omitted. The process shown in FIG. 16 is 
carried out by the CPU 4 within the printer controller 2 
shown in FIG. 2. The fourth embodiment of the computer- 
readable storage medium stores a program for causing a 
computer, such as the CPU 4, to carry out the process 
shown in FIG. 16. The fourth embodiment of the 
computer-readable storage medium is formed by the 
program ROM 6 or any type of recording media described 
above . 

In FIG. 16, a step S31 reads the engine ID 
from the engine ID register 17, and a step S32 refers to 
the pointer table shown in FIG. 15 which is stored in 
the program ROM 6 to obtain the pointer to the pattern 
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table which is stored in the program ROM 6 and 
corresponds to the read engine ID. Then, a step S4-4 
selects a number or code assigned to the selected size 
of the dots which are to form the reference tone pattern 
5 B, in response to the input made by the user from the 
operation panel 12 . A step S5-4 refers to the pattern 
table which is stored in the program ROM 6 and indicated 
by the pointer obtained by the step S32 , depending on 
the dot size selected by the step S4-4. The pattern 

10 table indicated by the pointer stores the reference tone 
patterns B in correspondence with the numbers or codes 
assigned to the selected dot sizes. Hence, the 
corresponding reference tone pattern B can be read from 
the pattern table based on the input number or code 

15 assigned to the selected dot size. A step S6-4 

determines the reference tone pattern B based on the 
pattern table. 

Of course, if the pattern table shown in FIG. 
10 is used by combining the second and fourth 

20 embodiments, the step S6-4 automatically determines the 
dot size of the reference tone pattern B depending on 
the counted value of the maintenance counter 16. Hence, 
in this case, the steps S4-4 through S6-4 are replaced 
by the steps S4-2 through S6-2 shown in FIG. 11. 

25 Similarly, if the pattern table shown in FIG. 13 is used 
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by combining the third and fourth embodiments, the step 
S6-4 automatically determines the dot size of the 
reference tone pattern B depending on the output value 
of the toner sensor 18. Thus, in this case, the steps 
5 S4-4 through S6-4 are replaced by the steps S4-3 through 
S4-6 shown in FIG. 14. 

Therefore, since this fourth embodiment 
selects the dot size of the reference tone pattern B 
depending on the type of the printer engine 8, it is 

10 possible to carry out an accurate tone adjusting process 
even when the type of the printer engine 8 used is 
changed, so that the tone intended by the user is 
actually printed by the printer. 

Another amount which may be referred to in 

15 order to judge the degree of deterioration of the 

printer engine 8, is the resolution to be used for the 
printing by the printer. The resolution may be 
specified by the user from the operation panel 12 at an 
arbitrary timing. The degree of deterioration of the 

20 printer engine 8 can be predicted from the specified 

resolution, and a fifth embodiment of the image forming 
apparatus according to the present invention employs 
such a prediction. In this fifth embodiment of the 
image forming apparatus, the present invention is 

25 applied to a printer having the structure shown in FIGS. 



2 and 3. Further, this fifth embodiment of the image 
forming apparatus employs a fifth embodiment of the 
printer controller according to the present invention 
and a fifth embodiment of the computer-readable storage 
medium according to the present invention. 

FIG. 17 is a diagram showing contents of the 
pattern table used in this fifth embodiment of the image 
forming apparatus. This pattern table is stored in the 
program ROM 6. As the resolution becomes higher, it is 
judged that the degree of deterioration of the printer 
engine 8 has increased, and that the dots forming the 
reference tone pattern B has become smaller to affect 
the actual tone of the image printed on the recording 
medium. This is because the reproducibility of the dots 
becomes poorer as the resolution of the reference tone 
pattern B becomes higher. Hence, the size of the dots 
forming the reference tone pattern B is increased as 
shown in FIG. 17 as the resolution increases from "300 x 
300 dpi" to "1200 X 1200 dpi", for example. 

FIG. 18 is a flow chart for explaining the 
operation of this fifth embodiment of the image forming 
apparatus. In FIG. 18, those steps which are the same 
as those corresponding steps in FIG. 8 are designated by 
the same reference numerals, and a description thereof 
will be omitted. The process shown in FIG. 18 is 



carried out by the CPU 4 within the printer controller 2 
shown in FIG. 2. The fifth embodiment of the computer- 
readable storage medium stores a program for causing a 
computer, such as the CPU 4, to carry out the process 
shown in FIG. 18. The fifth embodiment of the computer- 
readable storage medium is formed by the program ROM 6 
or any type of recording media described above. 

In FIG. 18, a step S4-5 selects the size of 
the dots which are to form the reference tone pattern B, 
in response to the resolution which is input by the user 
from the operation panel 12. A step S5-5 refers to the 
pattern table which is stored in the program ROM 6, 
depending on the resolution input by the step S4-5. The 
pattern table stores dot sizes of the reference tone 
patterns B in correspondence with the resolutions. 
Hence, the corresponding reference tone pattern B can be 
read from the pattern table based on the selected 
resolution. A step S6-5 determines the reference tone 
pattern B based on the pattern table. 

Of course, a pattern table such as that shown 
in FIG. 17 may be stored in the program ROM 6 in 
correspondence with each type of printer engine 8 usable 
by the printer controller 2. In this case, it is 
possible to combine the fourth and fifth embodiments, so 
that the pattern table corresponding to the selected 
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resolution is selected depending on the type of the 
printer engine 8 recognized by the engine ID. 

Therefore, since this fifth embodiment selects 
the dot size of the reference tone pattern B depending 
5 on the resolution, it is possible to carry out an 

accurate tone adjusting process even when the resolution 
used is changed, so that the tone intended by the user 
is actually printed by the printer. 

In the case of a color printer, it is 

10 necessary to take into consideration the differences of 
the tone characteristics of the basic colors, such as 
cyan, magenta, yellow and black, which are used to form 
the color image. In order to determine an optimum 
reference tone pattern for each basic color, it is 

15 necessary to prepare at least one of the tables 

described above in conjunction with the first through 
fifth embodiments with respect to each basic color. 

FIG. 19 is a flow chart for explaining the 
operation of a sixth embodiment of the image forming 

20 apparatus. In this sixth embodiment of the image 

forming apparatus, the present invention is applied to a 
color printer. Hence, the printer engine 8 shown in FIG. 
2 includes four known image forming sections, for 
example, for respectively printing in the basic colors 

25 of cyan, magenta, yellow and black. In FIG. 19, those 
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steps which are the same as those corresponding steps in 
FIG. 8 are designated by the same reference numerals, 
and a description thereof will be omitted. The process 
shown in FIG, 19 is carried out by the CPU 4 within the 
5 printer controller 2 shown in FIG. 2. The sixth 
embodiment of the computer-readable storage medium 
stores a program for causing a computer, such as the CPU 
4, to carry out the process shown in FIG. 19. The sixth 
embodiment of the computer-readable storage medium is 

10 formed by the program ROM 6 or any type of recording 
media described above. 

In FIG. 19, a step 51 sets I to I = 0 after 
carrying out the process section PSl, where I denotes 
the number assigned to the image forming sections of the 

15 printer engine 8. For example, 1=0 for the cyan image 
forming section, 1=1 for the magenta image forming 
section, 1=2 for the yellow image forming section, and 
1=3 for the black image forming section. A step S52 
selects the Ith image forming section of the printer 

20 engine 8. 

A step S53 selects a number or code assigned 
to the selected size of the dots which are to form the 
reference tone pattern B with respect to the basic color 
used by the Ith image forming section, in response to 
25 the input made by the user from the operation panel 12. 



The user can select the number of code assigned to the 
selected size of the dots which are to form the 
reference tone pattern B, depending on the condition 
under which the printer is to carry out the printing. A 
step S54 refers to the pattern tables stored in the 
program ROM 6. The pattern tables store the reference 
tone patterns B in correspondence with the numbers or 
codes assigned to the selected dot sizes, with respect 
to each of the basic colors. Hence, the corresponding 
reference tone pattern B can be read from the 
corresponding pattern table based on the input number or 
code assigned to the selected dot size, with respect to 
the basic color used by the Ith image forming section. 
A step S55 determines the reference tone pattern B based 
on the corresponding pattern table, with respect to the 
basic color used by the Ith image forming section. 

A step S56 decides whether or not 1=4. If 
the decision result in the step S56 is NO, a step S57 
increments I to I = I + 1, and the process returns to 
the step S52 so as to carry out a process similar to 
that described above with respect to the next basic 
color. On the other hand, if the decision result in the 
step S56 is YES, a step S58 determines the reference 
tone pattern B of each of the basic colors. 

A step S59 prints on the recording medium the 
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selected reference tone pattern B together with the tone 
adjusting patterns A(l) through A(8) which are also 
stored in the program ROM 5, with respect to each of the 
basic colors, so as to obtain a printed output result 
5 similar to that shown in FIG. 5, with respect to each of 
the basic colors. As a result, four patterns, each 
corresponding to the pattern shown in FIG. 5 and 
corresponding to the four basic colors, are printed on 
the recording medium. The tone adjusting patterns A(l} 

10 through A (8) have mutually different tones which fall 
within the predetermined tone range which includes the 
reference tone of the selected reference tone pattern B. 
The user inputs from the operation panel 12 the number 
(6), for example, which is assigned to the tone 

15 adjusting pattern A (6), so as to reflect the tone value 
of the tone adjusting pattern A(6) to the y -correction, 
with respect to one basic color, and makes similar 
inputs with respect to the remaining basic colors. 
Hence, a step S60 inputs the 7 -data corresponding to 

20 the selected tone adjusting pattern A (5) for one basic 
color and the 7 -data corresponding to the selected tone 
adjusting patterns for the remaining basic colors. 
Hence, the process section PS3 is carried out with 
respect to each of the basic colors. 

25 Therefore, according to this sixth embodiment. 
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it is possible to generate the reference tone pattern B 
which is made up of dots respectively made up of a 
number of pixels selected depending on the conditions 
under which the printer is to carry out the printing, 
5 with respect to each of the basic colors used by the 
image forming sections of the printer engine 8. For 
this reason, the reference tone which is printed on the 
recording medium can be maintained constant regardless 
of the various factors such as the conditions of the 

10 printer at the time of the printing, the changes caused 
by aging of the printer, the differences in the 
performance of each individual printer inevitably 
introduced during the production process and/or by the 
components used, the set output condition of the printer 

15 engine 8, and the like, with respect to each of the 
basic colors. Hence, it is possible to carry out an 
appropriate tone adjusting process by use of the 
recording medium which is printed with the selected 
reference tone pattern B and the tone adjusting patterns 

20 A(l) through A(8), so that the tone intended by the user 
is actually printed by the printer, with respect to each 
of the basic colors. 

In other words, since this sixth embodiment 
selects the dot size of the reference tone pattern B 

25 depending on the basic colors which are used to print 



the color image^ it is possible to carry out an accurate 
tone adjusting process even when the basic colors which 
are used to print the color image are changed, so that 
the tone intended by the user is actually printed by the 
printer. 

Of course, the second through fifth 
embodiments described above may be modified for the 
color printer, similarly to modifying the first 
embodiment to the sixth embodiment. 

Although the present invention is applied to a 
printer in the embodiments described above, the present 
invention is similarly applicable to any type of image 
forming apparatus, including a copying machine and a 
facsimile machine. In addition, the printer engine is 
not limited to the type which carries out the 
electrophotography process, and may print the image by 
other image forming processes such as an ink jet process. 

Further, the present invention is not limited 
to these embodiments, but various variations may be made 
without departing from the scope of the present 
invention. 

This application also claims the benefit of a 
Japanese Patent Application No. 2001-229311 filed July 30, 
2001, in the Japanese Patent Office, the disclosure of 
which is hereby incorporated by reference. 



